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Abstract
The latest astrophysical data on the Supernova luminosity-distance – redshift relations,
primordial nucleosynthesis, value of Cosmic Microwave Background-temperature, and baryon
asymmetry are considered as an evidence of relative measurement standard, field nature of
time, and conformal symmetry of the physical world. We show how these principles of
description of the universe help modern quantum field theory to explain the creation of the
universe, time, and matter from the physical vacuum as a state with the lowest energy.
1 Introduction
Observations and measurements of the physical parameters of cosmic objects and their theoret-
ical interpretation within the framework of modern physical theories of space, time, and matter
(general relativity [1] and Standard Model of elementary particles [2]) enable one to describe
the history of cosmic evolution of the universe in the whole [3].
In particular, observational data on the dependence of the redshifts z of spectral lines of
atoms on cosmic objects from their distance up to the Earth [4], and the new data [5, 6] for
large values of redshifts z ∼ 1, z = 1, 7 testify to that our universe is mainly filled with not a
massive “dust” of far and, therefore, invisible Galaxies, but with mysterious substance of a much
different nature, with a different equation of state called Quintessence [7]. The data including
primordial nucleosynthesis and the chemical evolution of the matter in the universe (described in
the nice book by Weinberg [8]) point to a definite equation of state of the matter in the universe.
This equation helps us to determine a kind of matter taking part in the cosmic evolution of
the redshift. The data on the visible number of particles (baryons, photons, neutrinos, etc.)
testify to that the visible baryon matter gives only 0.03 part of the critical density ρcr of the
observational cosmic evolution [9]. The data on the Cosmic Microwave Background radiation
with the temperature 2.7K and its fluctuations [10] give information about the evolution of the
early universe.
Beginning with the pioneer papers by Friedmann [1] and ending with the last papers on
inflationary model [2] of the Hot Universe Scenario [11], all observational data are interpreted
in the theoretical cosmology as some evidence of the expanding universe. Here, it is necessary
to clearly distinguish the expansion of theoretical intervals from the expansion of “measurable
intervals” obtained by matching with a particular measurement standard.
Not all clearly understand that this treatment of the Friedmann interval as a measurable one
is true, if there are “absolute” units that do not expand together with the cosmic scale factor a(t)
in the universe, because an observer can measure only a ratio of any physical quantities and the
units. Such a conjecture about the absolute measurement standard, irrespective of how it will
be selected (as one of the 40.000.000th part of Parisian Meridian or as a definite number of wave
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lengths of a spectral line of an isotope of krypton–86 [12]), contradicts the Einstein cosmological
principle, according to which “any of the averaged characteristics of space environment does not
select preferential position or preferential directions in the space” [13].
The real situation is even more complicated. Not all clearly realize that modern cosmology
in fact utillizes the dual standard in describing the phenomenon of cosmic evolution of photons
emitted by a massive matter on a far cosmic object.
As soon as the cosmic photon has been carved out from atom, there are two distance scales:
the wave length of a photon and the size of an atom that is determined by its mass. The observer
can measure only evolution of a dimensionless ratio of the size of the atom, emitting a photon on
a far cosmic object, to the wave length of this photon. These measurements irrefutably testify
only to a permanent magnification of this dimensionless ratio. However, these measurements
cannot tell us what exactly is augmented: the wave length of a photon, or the mass of an atom
emitting this photon. Thus, the observer who selected the absolute measurement standard of
length states that the wave length is augmented; and who selected the relative one, that the
mass is augmented.
The relative units are used in observational cosmology to determine initial data for cosmic
photons flying to an observer [14], whereas the absolute units are utilized for interpretation of
observational data in theoretical cosmology.
Theoretical cosmology considers the description in the relative units only as a mathematical
method of solving problems, underlining that there are two mathematically equivalent versions
of the theoretical description of cosmological data in the form of two mathematically equivalent
versions of general relativity and Standard Model. By virtue of this equivalence the usage of the
dual standard in cosmology does not lead to conflicts and enables one to reformulate the theory
by treating the relative quantities as measurable ones, and the absolute ones as a mathematical
tool of solving problems. As a result we can recalculate all astrophysical data in the relative
units, including the conformal time, coordinate distance, and constant temperature Tc, so that
the z-history of temperature becomes the z-history of masses.
The attempt of this recalculation made in [14, 15, 16, 17, 18, 19, 20] has shown, that the
symmetry of equations of motion of the theory in the relative units increases, and number of
phenomenological parameters decreases. This choice of the relative units results in a number of
coincidences of parameters of cosmic evolution and elementary particle physics which could be
considered as random ones if such coincidences were not so large.
The purpose of the present paper is the description of the results and consequences of the
relative measurement standards which expand together with the universe.
2 Astrophysical data in the relative units
Theoretical cosmology is based on general relativity and the Standard Model of elementary
particles constructed similarly to the Faraday - Maxwell electrodynamics.
Maxwell revealed that the description of results of experimental measurement of electromag-
netic phenomena by the field theory equations depend on the definition of measurable quanti-
ties in the theory and the choice of their measurement standard. In the introduction to his A
Treatise on Electricity and Magnetism [21] Maxwell wrote: “The most important aspect of any
phenomenon from mathematical point of view is that of a measurable quantity. I shall therefore
consider electrical phenomena chiefly with a view to their measurement, describing the methods
of measurement, and defining the standards on which they depend”.
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Defining a measurable interval of the length as the ratio
ds2MEASUREMENT =
ds2
THEORY
[STANDARD]2
, (1)
one need to point out its measurement standard. In modern physics such a measurement stan-
dard of length is the Parisian meter equal to a particular number of lengths of a light wave of a
concrete spectral line of the krypton isotope - 86 [12].
Physical cosmology based on the expanding interval [1]
ds2
THEORY
= (dt)2 − a2(t)
[
(dx1)2 + (dx2)2 + (dx3)2
]
, (2)
with the scale factor a(t) uses two standards: the relative and absolute.
Observational conformal cosmology (CC) uses the relative Parisian meter
Relative Parisian Meter = 1m× a(t) (3)
for measurements of all lengths with the corresponding conformal interval of the space-time
ds2MEASUREMENT = ds
2
THEORY/a
2(t) = (dη)2 − (dxi)2 (4)
of the cosmic photons flying on the light cone to an observer. This interval is given in terms of
the conformal time dη = dt/a(t) and coordinate distance.
While in the theoretical standard cosmology (SC) one proposes that all lengths in the universe
are measured with respect to the absolute Parisian meter
Absolute Parisian Meter = 1m. (5)
In the standard cosmology the cosmic factor scales all distances besides the Parisian meter (5).
Nobody can explain why the measurement standard is so distinguished in the expanding uni-
verse.
Using the light cone equation dt = a(t)drc one can find the coordinate distance - conformal
time relation
rc(η) =
√
(x1)2 + (x2)2 + (x3)2 =
t0∫
t
dt′
a(t′)
≡ η0 − η, (6)
where η0 is the present-day value of the conformal time when a value of the scale factor is equal
to unit a(t)
∣∣∣
η=η0
= 1. Therefore, the current cosmological time η of a photon emitted by an
atom at the coordinate distance rc is equal to the difference
η = η0 − rc. (7)
Observational data testifies that the energy of cosmic photons E(η) depends on the coordinate
distance (6). The energy of the cosmic photons E(η0 − rc) (emitted at the conformal time
η = η0− rc) is always less then the similar energy of the Earth photons E0 = E(η0) (emitted at
the conformal time η0):
E(η) =
E0
z(rc) + 1
, (8)
where
z(rc) + 1 =
E0
E(η0 − rc) ≥ 1 (9)
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is the redshift of the spectral lines E of atoms at objects at the coordinate distance rc in
comparison with the the present-day spectral lines E0 of atoms at the Earth.
In terms of the relative units (3) and the conformal interval (4) we reveal that the measurable
spatial volume of the universe is a constant V(r), while all masses including the Planck mass are
scaled by the cosmic scale factor
m(r)(η) = m0a(t) = m0a˜(η). (10)
In this case, we get the relation (8) as an eigenvalue of solutions of the Schro¨dinger equation
with the running mass (10) [
pˆ2
2m0a˜(η)
−
(
α
r
+ Ek(η)
)]
ΨA = 0. (11)
It is easy to check that in the limit of Ek(η) ≫ a˜′/a˜ = H(η) eigenvalue of the solution of
this equation is expressed throw the one of solution E0k of a similar Schro¨dinger equation with
constant masses m0 at a˜(η0) = 1
Ek(η) = a˜(η)E
0
k ≡
E0k
z(rc) + 1
, (12)
where E0k = −m0α2/k2 is the spectrum of a Coulomb atom1.
It was shown [15,14,17] that the relative units give a completely different physical picture of
the evolution of the universe than the absolute units of the standard cosmology. The temperature
history of the expanding universe copied in the relative units looks like the history of evolution
of masses of elementary particles in the cold universe with a constant temperature of the cosmic
microwave background.
In the standard cosmology, an absolute measured distance is defined as the product of the
scale factor and the coordinate distance Xi = a(t)xi. This product can be treated as a conformal
transformation that leads to the theory with constant mass.
When we assert that the cosmic factor was equal to the square root of “time” in the epoch
of the primordial nucleosynthesis, the question appears: what time does an observer measure
by his watch, and what time is identified with the time of chemical evolution?
If this time is absolute, the square root of “time” means that the universe in the epoch of
chemical evolution was completed by radiation when density of pressure is equal to one third of
the energy density.
If this time is conformal, the square root of “time”
a(t) = a˜(η) =
√
1 + 2H0(η − η0) =
√
1− 2H0rc (13)
means that the universe in the epoch of chemical evolution was completed by Quintessence when
density of pressure is equal to the energy density.
If we identify time of the evolution with conformal time and substitute the law of nucleosyn-
thesis (13) into the Hubble diagram of dependence of redshift on distances to Supernovae, we
can reveal [14] that this law corresponds to the black line in a Fig. 1 that is in agreement with
all data on the Supernova luminocity–distance — redshift relation [5, 6].
1The spectrum of photons emitted by atoms from distant stars billion years ago remains unchanged during the
propagation and is determined by the mass of the constituents at the moment of emission. When this spectrum is
compared with the spectrum of similar atoms on the Earth which, at the present time, have larger masses, then
a redshift is obtained.
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Figure 1: The Hubble diagram [16] in cases of the absolute units of standard cosmology (SC)
(5) and the relative ones of conformal cosmology (CC) (3). The points include 42 high-redshift
Type Ia supernovae [5] and the reported farthest supernova SN1997ff [6]. The best fit to these
data requires a cosmological constant ΩΛ = 0.7 ΩColdDarkMatter = 0.3 in the case of SC, whereas
in CC these data are consistent with the dominance of the rigid state (13).
As it was shown in [14], in the case of the relative Parisian meter (3), both the epoch of
chemical evolution and the recent experimental data for distant supernovae [5, 6] are described
by the square root dependence of the cosmic factor on “time”. This evolution results from
the dynamics of a homogeneous scalar field which we call the scalar Quintessence (SQ). This
massless field with purely kinetic contribution to the energy density in the universe leads to a
rigid equation of state (where pressure is equal to energy) and gives a satisfactory description
of the supernova data.
Other consequence of the relative standard of measurement is the redshift independence of
the cosmic microwave background temperature [17, 18]. This is at the first glance in a striking
contradiction with the observation [22] of 6.0 K < TCMBR(z = 2.3371) < 14 K. However, the
relative population of different energy levels Ei from which the temperature has been inferred
in this experiment follows basically the Boltzmann statistics with the same z-dependence of
the Boltzmann factors for both the absolute standards and relative one [14]. Therefore, the
experimental finding can equally well be interpreted as a measurement of the z-dependence of
energy levels (masses) at constant temperature.
Thus, one more argument in favor of the relative units is the sharp simplification of the
scenario of the evolution of the universe. Astrophysical data in the relative units can be described
by a single epoch with the dominance of Quintessence, while the same data in the absolute units
require the scenario with three different epoches (inflation, radiation, and inflation with the dark
matter).
All these arguments give a reason of the recalculation of all astrophysical data in terms of
the relative measurement standard (conformal time, conformal density, constant temperature,
running mass and others). This recalculation was fulfilled in [14,15,16,17,18,19,20].
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One of the major arguments in favor of the relative measurement standards is the symmetry
of the theory. The astrophysical data in the relative units testify to the hidden conformal
symmetry of the Einstein general relativity and Standard Model [17,19,20].
3 Conformal symmetry of the world
Any physical theory beginning with Newton at the highest level consists of two parts: I) differ-
ential equations of motion and II) the initial data which Laplace still required for unambiguous
solutions of the Newton equations and which are measured by a set of physical instruments
identified with a frame of reference.
The equations of motion are considered as a kingdom of laws of nature; and the initial data,
as a kingdom of freedom. In accelerator high-energy physics the experimenters set the geometry
of instruments and initial states of an investigated physical object. The initial data of the
universe are probably set by Lord-God, but the essence of theoretical statement of the task
remains the same, and, practically does not differ from a school task (14) about a train moving
in the one-dimensional space with the coordinate X(η) = a2(η) with constant speed VI = H0
from St.-Petersburg X(0) = XI = a
2
I to Moscow X(η0) = X0 = 1.
To find the time dependence of the coordinate of the train
X(η) = XI + VIη, (14)
it is necessary to solve the Newton equation. This equation does not depend on the initial data
(i.e., on the kingdom of freedom of passengers of this train who chose St.-Petersburg as the
initial position XI and the speed of the train VI), but the final result of the solution of this
task - Moscow - is a consequence of both the kingdoms: the will of the passengers and the laws
of Nature. It is important that the Newton equations do not depend on the initial data of the
variable X.
Independence of the laws of nature on the initial data is called the symmetry of the theory with
respect to transformations changing the frame of reference, i.e., rearranging the initial position
and speed.
Historically, frame symmetries appeared as the Galilean group of transformations rearranging
positions and velocities of the initial data of particles in the Newton mechanics. The frame
symmetry of the modern unified theory is the Poincare group of transformations rearranging
the initial data of relativistic fields. The Poincare group was recovered by Lorentz and Poincare
from the Maxwell equations. All field theories of the 20th century were constructed by analogy
with the Maxwell electrodynamics [23]. In particular, the field nature of light in electrodynamics
and its relativistic symmetry were an example for Einstein to formulate his gravitation theory.
However, an analogy with the Maxwell electrodynamics was incomplete.
The collection of Faraday’s experimental results in the form of Maxwell’s equations testifies
to that these equations are invariant with respect to conformal transformations2.
If to trust that symmetry of the theory of the universe coincides with symmetry of the theory
of light, GR and SM in absolute and relative units arise as result of the certain choice of gauge
in the conformal–invariant theory of scalar field called dilaton,
Stot =
∫
d4x
{
|e|w2
[
∂µQ∂
µQ− R(e)
6
]
+ w∂µ (|e|∂µw)
}
+ SSM [yhw|f, e], (15)
2The conformal group was discovered by Mo¨bius in the 19th century [24], and it was extracted from elec-
trodynamics by Bateman and Cuningham in 1909 [25]. The conformal transformations keep invariant the angle
between two vectors in space-time and include the scale transformations.
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where the GR action is replaced by the Penrose—Chernikov—Tagirov action [26] for the scalar
field w called dilaton
SPCT =
∫
d4x
{
−|e|w
2
6
R(e) + w∂µ (|e|gµν∂νw)
}
, (16)
and the Higgs mass in the SM action (MHiggs = yhϕ0) is replaced by this dilaton (yhw). In such
a theory all masses are scaled by dilaton w. Set of fields F = (Q, f, e) including scalar field Q
and SM fields f is given in the space with an interval
ds2 = gµνdx
µdxν ≡ ω20 − ω21 − ω22 − ω23 (17)
where ωλ = eλµdx
µare relativistic covariant differential forms with the Fock tetrads eλµ.
Action (15) is invariant with respect to the scale transformations:
gµν → g˜µν = gµνΩ2, (18)
w → w˜ = wΩ−1, (19)
(n)F → (n)F˜ = (n)FΩn. (20)
The Quintessence Q is treated as the angle of mixing of two scalar fields X0 = w coshQ and
X1 = w sinhQ given in the dilaton two-dimensional space with the signature (+,−). Two
dilatons X0,X1 and four Higgs field |Φ|2 = X22+X23+X24+X25 before the spontaneous symmetry
breaking describe a four-dimensional relativistic brane in six-dimensional external space with
the metrics:
GABb = diag(+1,−1,−1,−1,−1,−1).
The action of this brane
SBRANE = −
∫
d4x

5∑
A,B=0
GAB
[√−gXAXBR
6
−XA∂µ
(√−ggµν∂νXB)]
 (21)
belongs to the class of actions of a relativistic string
SSTRING = −γ
∫
d2x
√−g
D−1∑
A,B=0
GABs [g
µν∂µXA∂νXB ] , (22)
where GABs = (+1,−1,−1,−1) and a relativistic particles
SSR = −m
2
x02∫
x01
dx0
[
1
e
GABs
dXA
dx0
dXB
dx0
+ e
]
. (23)
There is the unified method of description of energetics of all three relativistic theories [27,28].
This method is based on the fact that groups of transformations of all relativistic actions (15),
(21), (22), and (23) include reparametrizations of the coordinate evolution parameter x0
x0 → x˜0 = x˜0(x0).
This means that x0 is not observable and the role of measurable evolution parameter is played by
one of the dynamic variables. Its canonical momentum plays the role of energy of a relativistic
system.
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Figure 2: At the top of Fig. a relativistic train is depicted with an unstable particle. The lifetime of this
particle is measured by two Einstein observers, by a pointsman and a driver, who communicate to each
other their measurement outcomes on the phone. Each of the observers has his world space of events, his
time (pointsman - variable X0, and driver - geometrical interval t) and his notebook as a wave function
of a particle as an amplitudes of probability to find a particle at an arbitrary point of the world space,
if at the initial moment its initial data are given. At the bottom of the figure there is an image of the
universe where each observer has two sets of measurable quantities corresponding to two observers of the
particle. To the pointsman there corresponds a field set of measurable quantities (mass ϕ and density
of a number of particles n = a+q aq with a set of quantum numbers q), and the driver – geometrical set
of measurable quantities (time interval η and initial data of the density of the Bogoliubov quasiparticles
bq, b
+
q ) [17].
4 The energy of relativistic systems
In contrast to the classical mechanics, in the relativistic mechanics, for a complete description
of a relativistic particle one needs two observers. In Fig. 2 they are depicted in the role of a
pointsman and a driver. A pointsman meters by his watch the time as a variable X0 in the
world Minkowskian space X0,X1 of all events, and a driver meters by his watch the time as a
geometrical interval dt = edx0 on a world line of events. Only both sets of measurements restore
a pathway of a particle in the world space X0,X1 as a solution of equations of motion in special
relativity (23):
X0(t) = X0I +
P0
m
t, X1(t) = X1I +
P1
m
t,
where the momenta of a particle P0, P1 are linked by the mass-shell equation δSSR/δe = 0
(P0)
2 − (P1)2 = m2. (24)
Here the momentum
P0 =
∂LSR
∂ (dX0/dx0)
= −m dX0
edx0
= −mdX0
dt
(25)
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is treated as an energy of a particle. Its initial coordinate X0I is treated as the point of its
creation or annihilation in the wave function of a particle
f(X0,X1) =
∑
q
[
a+q Ψ(X0 ≥ X0I) + aqΨ(X0 ≤ X0I)
]
, (26)
where the coefficients a+, a are treated as operators of creation, if a particle goes forward, and of
annihilation, if a particle goes backward. This causal quantization excludes the negative value
of the energy P0 = −E to make stable a quantum state of a particle [27,28].
The set of measurable quantities and the wave function of a relativistic particle for a driver
can be obtained by a transformation of the time as the variable X0 into the time as the geo-
metrical interval t [30,29]. Such transformation was firstly proposed in the theory of differential
equations by Levi-Civita as back as 1906 [31]. From the point of view of Newtonian physics,
the complete description of any relativistic object is possible by two realizations of this object.
For a particle one of such realizations is Minkowskian space, where the evolution parameter
is the dynamic variable X0, and the second is the geometrical realization where the evolution
parameter is the time interval t. The relationship between these realizations is treated as a new,
in principle, element of the scientific explanation of the pure relativistic effects.
The similar choice of the evolution parameter for a relativistic string
X0(x
0, x1) = X0(x
0) (27)
was firstly considered by Barbashov and Chernikov [32]. This gauge removes excitations of
string with negative norm. It was proved [29] that the string theory in this gauge coincides
with the Born—Infeld theory that strongly differs from the Virasoro algebra [33]. Reiman and
Faddeev [34] reproduced and generalized this result in 1975. In the paper [29] the energetics of
a relativistic string was considered on the basis of the definition of the energy as the canonical
momentum of the evolution parameter X0(x
0)
P0 =
∂LSTRING
∂ (dX0/dx0)
. (28)
The description of the universe with the finite volume and lifetime in the conformal theory
(15) is carried out in a frame of reference defined by embedding of three-dimensional hypersurface
into the four-dimensional Riemannian space-time
ωλ =
(
ω0, ω1, ω2, ω3
)
, ω0 = Ndx
0, ωi = eij(dx
j +N jdx0) (29)
for an observer at rest3.
Following Barbashov and Chernikov (27) we can choose an evolution parameter as homoge-
neous dilaton with the constant volume
w(r)(x
0, xi) = ϕ(x0), V(r) =
∫
d3x|e¯(r)| = constant. (30)
This gauge excludes all modes of the dilaton with a negative norm except of the homogeneous
one ϕ(x0) that becomes the evolution parameter.
In the case of the relative units the conformal invariant action (15) takes the form
Stot =
∫
d4x
{
|e(r)|ϕ2
[
∂µQ∂
µQ− R(e(r))
6
]
+ ϕ∂0
( |e¯(r)|
N
∂0ϕ
)}
+ SSM [yhϕ|f(r), e(r)]. (31)
3An observer moving in the direction of the axis 1 has: ωλ =
(
ω
v
0 =
ω0+vω1√
1−v2
, ω
v
1 =
ω1+vω0√
1−v2
, ω2, ω3
)
.
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The theory (15) with the field evolution parameter ϕ(x0) gives a physical explanation of a
problem of horizon by simultaneous variations of masses of all particles in the whole three-
dimensional hypersurface, as a consequence of the symmetry of the theory with respect to
reparametrizations of the coordinate parameter x0 in the ADM metrics [35].
The theory (31) has the unambiguous and clear definition of the localizable Hamiltonian
of the evolution as the canonical momentum of the field evolution parameter ϕ(x0) like (25) and
(28)
Pϕ =
∂Ltot
∂(∂0ϕ)
= −2
∫
ω(r)1 ∧ ω(r)2 ∧ ω(r)3
dϕ
ω(r)0
= −2∂0ϕ(x0)
∫
d3x
|e¯(r)|
N
≡ −2V(r)
dϕ
dη
, (32)
where the Lagrangian is given by the action (31) Stot =
∫
dx0Ltot and dη = N0(x
0)dx0 is an
invariant time interval for the averaged lapse functionN−10 (x
0) =
∫
d3x|e¯(r)|N−1/V(r) [18,30,29].
In the theory (31), homogeneity of the universe is explained by an average of a precise
equation over the volume, instead of “inflation”. In particular, in the theory (31) the equation
of evolution of the universe
ϕ′2 = ρ (33)
where ρ =
∫
d3x|e|[T 00 − ϕ2(R00 − R/2)], appears as an average of precise equation of the lapse
function N
δStot
δN
= 0 (34)
over the spatial volume. The solution (33) is an analogy of the Friedmann relationship η(ϕ0, ϕI)
= ± ∫ ϕ0ϕI dϕ/√ρ in the precise theory between the time interval and the cosmic scale factor.
The equation (33) in terms of canonical momentum (32) takes the form of the global energy
constraint of the type of the mass-shell equation (24)
P 2ϕ
4V(r)
= V(r)ρ ≡ V(r)ρhom +Hfield (35)
where Hfield is the contribution of local field excitations and ρhom is the one of global homoge-
neous excitations. In particular, if the homogeneous scalar Quintessence Q dominates, neglecting
all remaining fields, we shall receive a homogeneous action
SQ = V(r)
∫
dx0
N0
[
ϕ2
(
dQ
dx0
)2
−
(
dϕ
dx0
)2]
(36)
=
∫ PQ dQdx0 − Pϕ dϕdx0 +N0V(r)
( Pϕ
2V(r)
)2
−
(
PQ
2ϕV(r)
)2

which in fact is similar to the action of a relativistic particle (23).
Cosmology is defined as such homogeneous approximation of GR of the type of (36) that
inherits its symmetry with respect to reparametrization of the coordinate evolution parameter
x0 → x˜0 = x˜0(x0). Reparametrization-invariant cosmological models were firstly considered by
DeWitt, Wheeler, and Misner [36,37], do not differ from the special relativity. There is a direct
correspondence between the Minkowskian space-time and the field space of the variables of the
model (36) with equations
P 2ϕ − P 2Q/ϕ2 = 0, Pϕ = 2V(r)ϕ′ = ±PQ/ϕ, PQ = 2V(r)ϕ2Q′ (37)
and their solutions
PQ = 2V(r)HIϕ
2
I = constant, ϕ
2 = ϕ2I(1 + 2HIη),
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with the dilaton ϕ as the evolution parameter. Quantum theory, in particular, the Wheeler-
DeWitt equation [
Pˆ 2ϕ − Pˆ 2Q/ϕ2
]
Ψ = 0 (38)
appears as a direct analogy of the Klein-Gordon equation in relativistic quantum field theory.
The solution of the Wheeler-DeWitt equation
Ψ = e{iPQ ln(ϕ/ϕI )}
[
A+Pϕ≥0e
{iPQ(Q−QI)]}θ(ϕ− ϕI) +A−Pϕ≤0e{−iPQ(Q−QI)}θ(ϕI − ϕ)
]
. (39)
and its interpretation do not differ from a similar solution of the Klein-Gordon equation for a
quantum relativistic particle. To remove negative energies and to construct a stable quantum
system in relativistic quantum theory the causal quantizing of fields is postulated. According
to this quantizing, the wave with positive energy goes forward; and negative energy, backward.
The same treatment of the coefficient A+ as operator of creation of the universe, and A−, as
operator of annihilation of the universe, solves the problem of the cosmic singularity, as a
wave function of the universe with positive energy does not contain a point of singularity; the
singularity is contained in a wave function with negative energy which is treated as a probability
amplitude of annihilation of anti-universe.
Thus, the conformal unified theory (31) in the concrete frame of reference with cosmic initial
data gives the possible solutions of the problems of modern cosmology. At least, these solutions
should be considered on equal footing with the old scheme conserving Newtonian absolute such
as the absolute Parisian meter, or the absolute Planck mass when we fix the gauge of the constant
dilaton with the running volume
w(a)(x
0, xi) = ϕ0 = constant, V(a)(t) =
∫
ω(a)1 ∧ ω(a)2 ∧ ω(a)3. (40)
This gauge appears from (30) by transformation (n)F(r) =
(n)F(a)(ϕ/ϕ0)
−n that converts the
variable ϕ with the initial cosmic data ϕ(η = 0) = ϕI , H(η = 0) = HI into its present-day value
ϕ(η = η0) = ϕ0. This transformation creates in equations of motion the absolute parameter of
the Planck mass and the problem of Planck era. The theory in the gauge (40) loses solutions of
problems of cosmic initial data, horizon, time and energy, homogeneity, singularity, and quantum
wave function of the universe discussed before. These problems are solved by the inflationary
model [2].
5 “Creation” of the universe and time
The mathematical structure of general relativity and Standard Model in the relative units (with
the evolution parameter ϕ and an energy of the universe defined as a value of the canonical
momentum Pϕ of this evolution parameter) allow us to use the analogy with the relativistic
particle (26) to construct a wave function of the relativistic universe in the world field space for
positive and negative energy with the initial data ϕ = ϕI .
This wave function of the universe
Ψfield[ϕ,ϕI |F,FI ] = A+EΨuniverse[ϕ ≥ ϕI |F,FI ] +A−EΨanti−universe[ϕ ≤ ϕI |F,FI ] (41)
describes the greatest events – the creation of the universe with positive energy flying forward
ϕ ≥ ϕI in the field space: the cosmic singularity ϕ = ϕI is in wave function the universe with
negative energy flying backward ϕ ≤ ϕI to the point of the singularity.
To make this creation of the universe stable, one constructs the wave function of the quantum
universe in the field realization excluding the negative value of the energy Pϕ = −E from the
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Figure 3: This figure, taken from [30], shows the quantum creation of the universe in the field reality out
of the time η = T (right) and in the geometric reality without matter (left). The Hubble law ϕ(η), and
creation of matter from vacuum with particle density n(η) (n(0) = 0) are described as pure relativistic
effects by the geometrization of the energy constraint. Only in the limit of tremendous energy of the
Quintessence there appears a possibility of describing the universe as the Newton-like system F (η).
wave function. To do so, we need to treat the creation of the universe with negative energy as
annihilation of the anti-universe with positive energy. This construction is known in quantum
field theory as causal quantization with the operators of creation A+ and annihilation A− of
the universe [27,28]. Consequences of the causal quantization (41) are the positive arrow of the
geometric time and its beginning η ≥ 0 [29,30] .
The wave function of the universe in the geometric realization
Ψgeometric[η ≥ 0|G] (42)
describes the quantum evolution of the universe in the geometric world space [η|G] with the zero
initial data for matter fields.
The universe as a relativistic object can also be completely described by two realizations: field
and geometric. Each of them has its world space of variables (field ϕ,F = (e, f,Q), or geometric
η,G), its evolution parameter (the cosmic scale factor ϕ or geometric time η), its initial data,
and its wave function (the field ΨF [ϕ ≥ ϕI |F,FI ], or geometric ΨG[timec = η ≥ 0|G,G0]).
Both these realizations are connected by the Levi-Civita transformations that convert the
field space with the field evolution parameter ϕ into the geometric world space with the time
evolution parameter [30, 29]. The geometrization as a rigorous mathematical construction of
the geometric time η includes the transformations of the initial fields F =
∑
q(a
+
q ψq + aqψ
∗
q )
with a set of quantum numbers q into the geometric fields G =
∑
q(b
+
q ψq + bqψ
∗
q
) known as the
Bogoliubov transformations [38,39].
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The vacuum initial data ϕI , QI = 0 including a number of particles nI =
∑
q < 0|a+q aq|0 >=
0 can be treated as field coordinates of the creation of the universe in its field realization. Such
a creation takes place out of time η that belongs to another realization of the universe in the
geometric space (η, G).
The evolution of the cosmic scale factor with respect to time ϕ(η) is considered as a pure
relativistic effect that is beyond the scope of the Newton-like mechanics.
At the beginning of universe there were only two global excitations in the form of “superfluid
motions” (according to the therminology by Landau [40] and Bogoluibov [38]): the running
Planck mass ϕ and Quintessence. The momenta of these motions are linked as the momenta of
a relativistic particle (24). All further evolution of the running Planck mass ϕ(η) and measurable
number of particles nF (η) 6= 0 in the field space [ϕ|F ] is treated as the Levi-Civita geometrization
of fields in the unified theory F = F (η,G) [30, 29]. These transformations for local particles
coincide with the Bogoliubov transformations in his microscopic theory of superfluid helium [38]:
aq = cq(η)bq + sq(η)b
+
q . In our theory these transformations describe cosmological creation of a
substance from vacuum in the early universe. The number of created particles is defined as the
sum of quadrates of the Bogoliubov coefficients sq(η): nF (η) =
∑
q |sq(η)|2 where the magnitude
|sq(η)|2 = N (q, η) is called the distribution function of the numbers of particles.
6 Creation of matter
The origin of particles is an open question as the isotropic evolution of the universe cannot
create massless particles [39,41].
Here we list arguments in favor of that the cosmological particle creation from vacuum [41]
in the conformal–invariant unified theory can describe the cosmic energy density budget of
observational cosmology.
At the first moment ηI = 1/2HI of the lifetime of the universe, the frame-fixing quantiza-
tion [42] of W–, Z– vector bosons in the Standard Model shows us an effect of their intensive
cosmological creation [41] from the geometric Bogoliubov vacuum [14, 17, 18]. The distribution
functions of the longitudinal N || and transverse N⊥ vector bosons calculated in [14, 17, 18] for
the initial data HI =MI are introduced in Fig. 4.
We can speak about the cosmological creation of a pair of massive particles in the universe,
when the particle mass Mv(η = 0) =MI is larger than the initial Hubble parameter MI ≥ HI .
The distribution functions of the longitudinal N ||(x, τ) vector bosons introduced in Fig. 2
show the large contribution of relativistic momenta. This means the relativistic dependence of
the particle density on the temperature in the form n(T ) ∼ T 3. These distribution functions
show also that the time of establishment of the density and temperature is the order of the
inverse primordial Hubble parameter. In this case, one can estimate the temperature T from
the equation in the kinetic theory [43] for the time of establishment of the temperature
η−1relaxation ∼ n(T )× σ ∼ H,
where σ ∼ 1/M2 is the cross-section.
This kinetic equation and values of the initial data MI = HI help us to calculate the
temperature of relativistic bosons [15,14,17,18]
T ∼ (M2IHI)1/3 = (M20H0)1/3 = 2.7K
as a conserved number of cosmic evolution compatible with the Supernova data [5, 6] and the
primordial chemical evolution [8]. We can see that this calculation gives the value surprisingly
close to the observed temperature of the CMB radiation T = TCMB = 2.73 K.
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Figure 4: The figure taken from [18] shows the dependence of longitudinal N‖ and transverse N⊥
components of the distribution function of vector bosons describing their very fast creation in units of
the primordial lifetime of the universe τ = 2HIη [17, 18]. Their momentum distributions in units of
the primordial mass x = q/MI show the large contribution of longitudinal bosons and their relativistic
nature.
A ratio of the density of the created matter ρv(ηI) ∼ T 4 to the density of the primordial
cosmological motion of the universe ρcr.(η) = H
2
Iϕ
2
I has an extremely small number
ρv(ηI)
ρQ(ηI)
∼ M
2
I
ϕ2I
=
M2W
ϕ20
∼ 10−34. (43)
On the other hand, it is possible to estimate the lifetime of the created bosons in the early
universe in dimensionless units τL = ηL/ηI , where ηI = (2HI)
−1, by utillizing the equation of
state ϕ2(ηL) = ϕ
2
I(1 + τL) and define the lifetime of W–bosons in the Standard Model
1 + τL =
2HI sin
2 θW
αQEDMW (ηL)
=
2 sin2 θW
αQED
√
1 + τL
, (44)
where θW is the Weinberg angle, αQED = 1/137. The solution of equation (45) gives the value
for MvI ≃ HI
τL + 1 =
(
2 sin2 θW
αQED
)2/3
≃ 16. (45)
The transverse bosons during their lifetime form the baryon symmetry of the universe as a
consequence of the “polarization” of the Dirac sea vacuum of left fermions by these bosons,
according to the selection rules of the Standard Model [44] with left current interaction in SM
j
(i)
Lµ = ψ¯
(i)
L γµψ
(i)
L for each left doublet ψ
(i)
L marked by an index (i). At a quantum level, we have
an abnormal current
∂µj
(i)
Lµ = −
TrFˆµν
∗Fˆµν
16pi2
, (46)
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where in the lowest order of perturbation theory Fˆµν = −(ıgτa/2)(∂µvaν−∂νvaµ). The integration
of this equation (46) gives the number of left fermions NL =
∫
d4x
√−g∂µj(i)Lµ created during the
lifetime ηL = τL × ηI of vector bosons [17,18]
NL(ηL) = −
∫ ηL
0
dη
∫
d3x
16pi2
sq〈0|TrFˆµν∗Fˆµν |0〉sq = 1.2nγV,
where nγ = (pi
2/2.402)T 3 is the density of number of the CMB photons. The baryon asymmetry
appears as a consequence of three Sakharov conditions: CP-nonconservation, evolution of the
universe H0 6= 0 and the violation of the baryon number [18] ∆B = XCP(NL/3V ) = 0.4XCPnγ ,
where XCP is a factor determined by a superweak interaction of d and s-quarks (d+s → s+d)
with the CP-violation experimentally observed in decays of K mesons with a constant of a weak
coupling XCP ∼ 10−9 [45].
After the decay of bosons, their temperature is inherited by the Cosmic Microwave Back-
ground radiation. All the subsequent evolution of matter with varying masses in the constant
Universe replicates the well-known scenario of the hot universe [8], as this evolution is de-
termined by the conformal-invariant ratios of masses and temperature m/T . As the baryon
density increases as a mass and the Quintessence density decreases as an inverse square mass,
the present-day value of the baryon density can be estimated by the relation
Ωb(η0) =
[
ϕ0
ϕL
]3 ρb(ηL)
ρQ(ηL)
=
[
ηI
ηL
]3/2
∼
[
αQED
sin2 θW
]
∼ 0.03, (47)
if the baryon asymmetry with the density ρb(η = ηL) ≃ 10−910−34ρQ(η = ηL) was frozen by the
superweak interaction. This estimation gives the value surprisingly close to the observational
density in agreement with the observational data. In the current literature [46] the cosmological
creation of particles is considered as an origin of the primordial fluctuations of temperature of
CMB [10]. Generally speaking, all these present and future results can only be treated as a set
of arguments in favor of the considered unified theory.
Thus, we have shown that the conformal-invariant version of general relativity and Stan-
dard Model with geometrization of constraint and frame-fixing with the primordial initial data
ϕI = 10
4GeV, HI = 2.7 K = 10
29H0 (determined by a free homogeneous motion of the Scalar
Quintessence, i.e., its electric tension) can describe the following events:
η = 0 creation of the “empty” universe from “nothing”
η ∼ 10−12s creation of vector bosons from “nothing”
10−12s < η < 10−11 ÷ 10−10s formation of baryon asymmetry
η ∼ 10−10s decays of vector bosons
10−10s < η < 1011s primordial chemical evolution of matter
η ∼ 1011s recombination, or separation of CMB
η ∼ 1015s formation of galaxies
1017s < η hep experiments and Supernova evolution.
The key differences of such a description from the inflationary model [2] are the absence of
the Planck era and cosmological creation of matter from the physical vacuum as a stable state
with lowest energy at the moment when the size of the horizon of events in the universe coincides
with the Compton length of the vector W-,Z-bosons.
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7 Conclusion
The relative measurement standard opens out the well-known truth that the universe is an
ordinary physical object with a finite volume and finite lifetime4.
Results of theoretical description of the finite universe depend on the choice of a frame
of reference and initial data like the results of solution of the Newton equations depend on
initial positions and initial velocities of a particle. Creation of the universe has taken place
in a particular frame of reference which was remembered by the cosmic microwave radiation.
We remind that the “frame of reference” is identified with a set of the physical instruments for
measuring the initial data needed for unambiguous solving differential equations of theoretical
physics. These differential equations are invariant structural relations of the whole manifold of
all measurable quantities with respect to their transformations. The determination of a group
of these transformations is the most important problem of the modern theoretical physics.
There are two types of the transformation groups of differential equations of the gauge
theory: frame-transformations that change initial data, i.e., the frame of reference; and gauge-
transformations that do not change initial data and are associated with the calibration of physical
instruments.
Derivation of frame-covariant and gauge-invariant solutions of differential equations as well
as the construction of frame-covariant and gauge-invariant quantization of gauge fields were
considered as the mainstream of development of theoretical physics beginning with the work by
Dirac [48] and ending with the work by Schwinger in the sixties who called this quantization
fundamental [49]. The strategy of this fundamental quantization was to construct gauge-invariant
variables in a definite frame of reference and to prove the relativistic invariance of a complete
set of results [49,50,51].
The basic method of quantization in gauge field theories, however, became the other heuristic
quantization, proposed by Feynman [52, 53]. Feynman noticed that the scattering amplitudes
of the elementary particles in perturbation theory do not depend on the frame of reference and
the gauge choice [52]. The independence of the frame of reference was called simply the rel-
ativistic invariance, and the gauge choice became the formal procedure of choosing the gauge
non-invariant field variables. It may seem that this slight substitution of the meaning of the
concepts in the method heuristic quantization completely depreciates the goals and tasks of the
fundamental quantization. Why should we prove the “relativistic invariance“ of a complete set
of results at the level of the algebra of the Poincare group generators for gauge-invariant observ-
ables, if the result of calculating of each scattering amplitude is relativistic invariant, i.e. does
not depend on a frame of reference [54]? What do we need gauge-invariant observables for, if
one can use any variables also for solving the problems of construction of the unitary pertur-
bation theory and proving the renormalizability of the Standard Model [55]? The statement
and solution of these important problems carried out within the limits of heuristic quantization
resulted in that the latter became one and the only method of solving all the problems of the
modern field theory. The highest achievements of the abstract formulation are the frame-free
quantization of string theories and M-theory as a candidate for the role of a future consistent
theory of all interactions with the Planck absolute mass (see, e.g., [56]).
At the end of the past century, a dramatic situation arose in physics, when a historical path
of physics - the path of the frame of references, seems to be absolutely interrupted. Remained
only the “kingdom of laws” burdened with absolutes independent from a frame of reference. The
“kingdom of freedom” of initial data turned out to be enclosed by heuristic quantizing and its
claims for a successful solution of all problems. There was a new terminology with the distorted
definition of relativistic invariance, suitable only for the description of the tasks of scattering.
4It demonstrates us the dark sky at night, to what Halley, de Che´seaux, and Olbers paid attention [47].
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However, physicists have forgotten that the simplified heuristic quantizing is proved only for
amplitudes of scattering of elementary particles [57], and its applicability is restricted to only
scattering problems – the domain where it first appeared [52]. The fundamental quantization
is more suitable for the physics of bound states, hadronization and confinement, and for the
description of the quantum universe [30, 51]. Yet in 1962, Schwinger [49] pointed out that
the frame-free formulations can distort the initial gauge theory and lead to a wrong spectrum
of nonlocal collective excitations. Schwinger rejected all frame-free formulations of relativistic
theories “as unsuited to the role of providing the fundamental operator quantization” [49]5.
In 1974, Barbashov and Chernikov [32] applied the frame-fixing formulation to the rela-
tivistic string theory and proved that this theory coincided with the Born-Infeld theory that
strongly differs from the abstract frame-free formulation of a string with the so-called Virasoro
algebra [33]. Reiman and Faddeev [34] reproduced and generalized this result in 1975 (for details
see [29]).
The relative measurement standard reverts us on a historical path of physics, the path
of frame of references. This path began with relativity by Copernicus, Galilei, and Newton,
and it was prolonged by Einstein’s relativity theories and papers by Dirac, Heisenberg, Pauli,
Fermi and Schwinger on gauge-invariant fundamental quantizing. It is the path of definition of a
transformation group of all measurable physical quantities, which leaves invariant their structural
relations called the differential equations. It is the path where all absolutes of theories become,
eventually, ordinary initial data.
The relative units reveal that a symmetry group of the whole manifold of measurable physical
quantities in the world includes conformal symmetry of the Faraday-Maxwell electrodynamics,
and the field nature of matter should also be supplemented by the field nature of space and
time.
The relative units lead us to the “kingdom of freedom” of initial data including also last
dimensional absolute of modern quantum field theory and those initial data of creation of the
universe, for which an observer does not carry any responsibility, as he at this moment existed
only as an intention. Who has carried out this experiment of creation of the universe? Who
has determined the initial data of this creation? Whose notebook is the wave function of the
universe?
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Appendix A: Penrose–Chernikov–Tagirov theory in
the Barbashov–Chernikov gauge
We consider the dilaton part of the “brane” (15) described by the PCT action (16) with negative
sign
SPCT =
∫
d4x
{
−|e|w
2
6
R(e) + w∂µ (|e|gµν∂νw)
}
, (A.1)
The absolute gauge w(a) = ϕ0 means the choice of the variables by the scale transformation
e(a)ia =
(
w
ϕ0
)
eai, w(a) =
(
w
ϕ0
)−1
w = ϕ0 (A.2)
that leads to Einstein‘s general relativity
SPCT[w = ϕ0|e] = SGR[ϕ0|e] = −
∫
d4x|e|ϕ
2
0
6
R(e) (A.3)
This gauge introduces the absolute parameter ϕ0 into equations of motion together with absolute
Planck era.
The Hamiltonian approach to general relativity is well known [36,37]
SGR[w = ϕ0|e] =
∫
dx0
{[∫
d3xP ia∂0eai
]
−HGR[ϕ0|e]
}
, (A.4)
where
HGR[ϕ0|e] =
∫
d3x
{
NH−NkPk + C0[P iaeai] + Cbfb(e)
}
(A.5)
is the standard Hamiltonian with the constraints, gauges, and the Lagrangian multipliers N ,
Nk, C0, Cb discussed in [36,37,60].
The Barbashov–Chernikov gauge [32, 34, 29] w(r) = ϕ(x
0) means the choice of the relative
variables by the scale trasformation
e(r)ia =
(
w
ϕ
)
eai, w(r) =
(
w
ϕ
)−1
w = ϕ, (A.6)
that keeps the evolution parameter as a dynamic variable in correspondence with the invariance
of the theory under reparametrizations of the coordinate evolution parameter.
PCT theory in the terms of relative variables takes the form
SPCT[ϕ|e(r)] = SGR[ϕ|e(r)] + SINTERFERENCE + SUNIVERSE, (A.7)
where the first term coincides with the Einstein action with the Hamiltonian GR:11
HGR[ϕ|e(r)] = V(r)ρ(ϕ) (A.8)
in terms of relative fields and dynamic evolution parameter ϕ instead of the Planck mass ϕ0; the
second term
SINTERFERENCE = −
x02∫
x01
dx0∂0(ϕ
2)
∫
V0
d3xP iaeai (A.9)
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is interference between the global motion of the universe and the local field excitations; the third
term
SUNIVERSE = −V(r)
x02∫
x0
1
dx0
(∂0ϕ)
2
N¯0
= −
∫ x02
x0
1
dx0
[
Pϕ∂0ϕ+N0
P 2ϕ
4V(r)
]
(A.10)
is the action of the global motion of the universe in the field world space, N0[e,N ] and V(r) are
considered as functionals given by
1
N0
=
1
V(r)
∫
d3x
|(3)e(r)|
N
, V(r) =
∫
d3x|(3)e(r)| . (A.11)
The interference of the global and local variables disappears, if we impose the Dirac condition [59]
of the minimal embedding of the three-dimensional hypersurface into the four-dimensional space-
time in the relative space P iaeai = 0. The minimal embedding removes not only the interference
of the global motion with local excitations, but also all local excitations with the negative
norm [60].
The PCT theory in terms of relative variables is the direct field generalization of SR with two
time–like variables (the geometric interval dη = N0dx
0 and dynamic evolution parameter ϕ) and
two wave functions. We have one to one correspondence between SR and PCT theory [39, 30],
i.e., their proper times
dt = edτ ⇐⇒ dη = N0dx0, (A.12)
their world spaces
X0, Xi ⇐⇒ ϕ, eai, (A.13)
their energies
P0 = ±
√
P 2i +m
2 ⇐⇒ Pϕ = ±2V(r)
√
ρ(ϕ), (A.14)
and their two-time relations in the differential form
dX0
dt
= ±
√
P 2i +m
2
m
⇐⇒ dϕ
dη
= ±
√
ρ(ϕ), (A.15)
and in the integral forms
t(X0) = ± m√
P 2i +m
2
X0 ⇐⇒ η(ϕ0, ϕI) = ±
ϕ0∫
ϕI
dϕ√
ρ(ϕ)
. (A.16)
Recall that in SR eq. (A.16) can be treated as the Lorentz transformation of the rest frame
with time X0 into the comoving one with the proper time s. Similarly, in GR the relation η(ϕ)
defined by eq. (A.16) is treated as a canonical transformation [30]. This correspondence (A.12)-
(A.16) allows us to solve the problem of time and energy in GR like Poincare and Einstein [61,62]
had solved it in SR. They identified the time with one of variables in the world space. The similar
String/SR correspondence was considered in papers [63,29].
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Appendix B: The cosmic energetics of Galaxies
In this Appendix the solution of the Kepler problem is given in the Friedman–Robertson–Walker
metric [64]. Here we show that the cosmic evolution depresses an energy of particles, urging free
particles to be captured in bound states, and free galaxies, in clusters of galaxies.
The formulation of the Kepler problem in the Friedmann—Robertson—Walker (FRW) met-
rics
ds2 = (dt)2 − a2(t)(dxi)2 (B.1)
proposes a choice of physical variables, coordinates, and units of measurement. In particular,
the choice of absolute units of the expanding universe means that the coordinates Xi = a(t)xi
are measurable. In terms of these coordinates the interval (B.1) becomes
ds2 = (dt)2 − a2(t)(dxi)2 ≡ (dt)2 − (dXi −HXidt)2, (B.2)
where H = a˙(t)/a(t) is the Hubble parameter, and HXi are the Hubble velocities that should be
taken into account in the energy of matter in the universe. The Hubble velocities are contained
in the covariant derivatives in the Newton action in the space with the interval (B.2)
SA =
t0∫
tI
dt
[
Pi(X˙
i −HXi)− P
2
i
2m0
+
α
R
]
, (B.3)
where α = M⊙mIG is a constant of a Newtonian interaction of a galaxy with a mass mI in a
gravitational field of mass of a cluster of galaxies M⊙.
The last three summands in this action (B.3) are identified with the Hamiltonian of a “parti-
cle”, a value of which on solutions of equations of motion is called an energy of the system. It is
easy to see that the Hubble velocities in action (B.3) are contained in the additional summand
in the total energy of the system (B.3)
Etot = HRPR + EN , (B.4)
as contrasted to a customary Newtonian energy of the system EN
EN =
P 2R
2mI
+
M2I
2mIR2
− α
R
,
for the circular velocity vI , initial radius RI , and orbital momentum MI = vIRImI in the
cylindrical coordinates
X1 = R cosΘ, X2 = R sinΘ, X3 = 0. (B.5)
These components of Hubble’s velocity HXi are not taken into account in papers [65,66,67,68]
analysing the problem of Dark Matter on the basis of the Newtonian motion of a particle in the
gravitational field.
Let us consider a solution of the Kepler problem in the expanding universe H 6= 0 for the
rigid state
a(η)2 = a(ηI)
2[1 + 2HI(η − ηI)] (B.6)
which describes the recent Supernova data [5, 6] in the relative units.
Knowing the link between the Friedmann time t and the conformal one η, and the scale
factor it is possible to find the magnitude H(t)
H(t) =
HI
1 + 3HI(t− tI) . (B.7)
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It is worth reminding that the energy conservation law E˙N (t) = 0 in the Newton theory in
the flat space-time gives the link of the initial data vI , RI
vI =
√
α
mIRI
≡ vN ,
so that the energy of a particle is always negative for all its initial data
EN = −mI v
2
N
2
≤ 0.
Figure 5: The numerical solution of the equation for the theory (B.3). In dimensionless variables
y(x) = R/RI and x = HI(t − tI) with boundary conditions y(x = 0) = 1 and y′(x = 0) = 0. The curve
at the bottom of the figure demonstrates the evolution of the total energy (B.4).
Figure 6: Pathway of a motion of a particle in the cartesian coordinates (X1, X2) which starts with
zero value of the total energy (B.4).
In the considered case of the nonzero Hubble velocity one has that the initial total energy
Etot(tI) = mI
(HIRI)
2 − v2N
2
.
becomes positive in the range of large radiuses RI = R(tI) at finite t, and the link of the initial
data at sluggish variation of the Hubble parameter takes the form
vI =
√
v2N + 2(HIRI)
2.
It means, that for large radiuses
RI ≥ Rcr =
(
α
H2ImI
)1/3
(B.8)
a galaxy becomes free. One can see that the critical radial distance (B.8) is very close to the
size of Galaxies, and it even coincides with the size of the COMA RCOMA ∼ Rcr ∼ 5 · 1025cm
[65, 66, 67]. Thus, just in the region of the expected halos [65, 66, 67, 68] we have the cosmic
evolution of Galaxies.
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Let us consider a case of a “particle” with initial data at t = tI with a zero-point energy
Etot(tI) = 0 given by (B.4) in the form
Etot(t) =
mI [R˙
2(t)−H2(t)R2(t)]
2
+
M2I
2mIR2(t)
− α
R(t)
(B.9)
in the solution of the equation of motion
mIR¨(t) + 2mIH(t)
2R(t)− M
2
I
mIR3(t)
+
α
R2(t)
= 0. (B.10)
Solution of the equations for the case of (B.7) gives a remarkable fact: a bit later t ≥ 275tI
this particle acquires negative energy Etot = −0.0405 (as shown in Fig. 5) and also becomes
bound
That is, the cosmic evolution forms the Kepler bound states such as galaxies and their
clusters. The cosmic evolution depresses energy of fragments, urging free fragments to capture
in bound states, and free galaxies, in clusters of galaxies.
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